Introduction
============

Amyotrophic lateral sclerosis (ALS) is a chronic neurodegenerative disease that selectively damages the motor neurons in cerebrum, brainstem and spinal cord [@B1]. The pathogenesis of ALS has not been known up to now [@B2]-[@B7], the recent studies suggested that the pathological variations of several proteins are closely associated with the pathogenesis of ALS, among them, the proteins commonly approved by investigators include superoxide dismutase 1 (SOD1) [@B8], Tar DNA binding protein-43 (TDP-43) [@B9], [@B10], fused in sarcoma/translocated in liposarcoma (FUS/TLS) [@B9], and the dipeptide repeat proteins produced by the repeat expansion of non-ATG translation in the chromosome 9 open reading frame 72 (C9ORF72) [@B11], [@B12]. The pathological variations of protein lead to the protein aggregation and the inclusion formation, generate the lesions of cellular components and the synaptic loss, ultimately result in the neuronal death in ALS [@B13].

In the conditions of physiology, the optimal prerequisite of cellular functions and survival is to maintain the stabilization of cellular proteome [@B14]. Furthermore, cells achieve the proteomic stabilization through keeping the normal state of molecular chaperones, the protein clearance pathways and the stress-associated signaling networks [@B14]. They exert the synergistic action to prevent proteins from misfolding, aggregating and accumulating in the subcellular compartments [@B13], [@B15], [@B16]. The above described processes are helpful to maintain the cellular proteostasis. The unbalance or damage of these processes directly lead to the ageing associated disorders, such as diabetes, cancer, stroke, the metabolic disorders, the pulmonary fibrosis, the inflammation and the neurodegenerative diseases [@B14].

The formation of protein inclusion containing the variant SOD1, TDP-43, FUS/TLS, and/or the dipeptide repeat proteins produced by the C9orf72 encoded non-ATG translation in the cytoplasm of degenerating motor neuron in ALS were due to the alterations of their structures or/and functions [@B17]-[@B20]. The recent studied evidences have demonstrated that the sporadic ALS (sALS) is closely linked to the abnormal alterations of structures and/or functions of some proteins, such as the abnormal expression, redistribution, misfold, unfold, the abnormal phosphorylation, the aberrant methylation and so on, which contribute to the abnormality of proteostasis in cell [@B14], [@B21]-[@B24]. The abnormal alterations of proteostasis result in their abnormal deposition in the neural cells including the neuron and glial cells, generate the toxicity to the neural cells, loss their normal functions, develop into the neuron death in sALS [@B14], [@B25]. However, the abnormality of currently discovered proteins associated with ALS only can explain a small part of the pathogenesis of ALS, much more of the possibly abnormal proteins have not been found yet. Therefore, in the future study, it needs screen and search the other potential proteins which participate in the pathogenesis of ALS.

Aldehyde dehydrogenases (ALDHs) are the members of NADP+-dependent enzymes family, they play some important roles in the NADP+-dependent oxidation of aldehydes into acids in a lot of biologic processes, such as the detoxification of alcohol-derived acetaldehyde, the metabolism of corticosteroids, the biogenic amines and neurotransmitters and the lipid peroxidation. In the physiologic conditions, ALDHs catalyze to oxide aldehydes into their corresponding carboxylic acids. In additional, they exert the cellular protective effects not only through preventing from the xenobiotic cytotoxic effects and the intracellular aldehydes like cyclophosphamide and ethanol, but also producing some important carboxylic acids like the retinoic acid (RA) and the γ-aminobutyric acid [@B26]. The high activity of ALDHs was reported to express and distribute in the hematopoietic and normal stem cells in a variety of tissues [@B27]-[@B29]. It implies that ALDHs might be a regulator of stem cells like the neural stem cells besides the above described important effects.

ALDH1A2 belongs to a member of ALDHs family, also has the similar effects and functions of ALDHs family. Although the study about the correlation between ALDH1A2 and the pathogenesis of ALS has not been reported at present, some studies suggested that ALDH1A2 participated in the damage of neurons in the lesions of spinal cord and brain [@B30], [@B31], and that it was an important regulator of proliferation and differentiation of endogenous neural stem cells in the adult spinal cord [@B31]. Furthermore, we found the down regulation of ALDH1A2 expression in the spinal cord of Tg(SOD1\*G93A)1Gur mice during our preliminary experiment of proteomic analysis. Therefore, we hypothesized that ALDH1A2 might be associated with the neuron degenerative death of ALS, was a potential candidate disease-related proteins of ALS. In order to determine our hypothesis, identify whether or not ALDH1A2 is an ALS disease-related protein, and try to explore the potential mechanisms in the pathogenesis of ALS, we designed this study. In our study, we observed the expression and distribution features of ALDH1A2 in the different segments, the different anatomic regions and the different types of neural cells, and further analyzed the potential relationship between the expression and distribution of ALDH1A2 and the death of neurons at the different stages of Tg(SOD1\*G93A)1Gur ALS-like transgenic mice. Our results found that the decrease of ALDH1A2 expression and distribution were potentially associated with the neuron death in the Tg(SOD1\*G93A)1Gur mice, and suggested that ALDH1A2 was a candidate protein which participated in the pathogenesis of ALS.

Materials and Methods
=====================

Study approval
--------------

All experiments were approved by the Research Committee of First Affiliated Hospital of Nanchang University, and all experimental procedures involving animals were carried out in the strict accordance with the animal use guidelines of above committee (The approved project and protocol number: 2015-12-16). All experiments were performed under a full anesthesia, and made every effort in order to minimizing the animal suffering.

Materials
=========

Animal
------

The Tg(SOD1\*G93A)1Gur mice [@B32] (Jackson laboratory, Bar Harbour, Maine) were multiplied in the neurological lab of First Affiliated Hospital of Nanchang University. The transgenic mice were maintained by mating the male Tg(SOD1\*G93A)1Gur mice with the female C57BL/6J mice. In order to detecting whether or not the positive Tg(SOD1\*G93A)1Gur mice, the Tg(SOD1\*G93A)1Gur mice were appraised by the PCR of genomic DNA isolated from the tail tissue. IL-2 was used as a negative control sample. The following primers were used, the human G93A SOD1 forward-primer was 5′-CAT CAG CCC TAA TCC ATC TGA-3′, the reverse-primer was 5′-CGC GAC TAA CAA TCA AAG TGA-3′, the IL-2 forward-primer was 5′-CTA GGC CAC AGA ATT GAA AGA TCT-3′, the reverse-primer was 5′-GTA GGT GGA AAT TCT AGC ATC ATCC-3′. The amplified conditions were 94 °C degeneration for 3 seconds, 60 °C annealing for 1 minute and 72 °C extension for 1 minute, a total of 35 cycles. The protocols were similar with our previous experimental description [@B33]. The non-transgenic mice also were used as the negative controls in concert with the WT mice in order to ensure that the overexpression of hSOD1 did not affect ALDH1A2 staining. The disease stages were divided into three stages based on the days of disease duration, the pre-onset (60-70 days), onset (90-100 days) and progressive or late (120-130 days) stages [@B32]-[@B34].

Methods
=======

Fluorescent immunohistochemical staining of spinal cord
-------------------------------------------------------

For the fluorescent immunohistochemical staining of spinal cord, slices were permeabilized with 0.2% Triton X-100 and blocked with 10% goat serum in 1×PBS after rehydrated in 1×PBS (pH 7.4), incubated with the following antibodies at 4 °C overnight: ALDH1A2 1:100 (Abcam, Hong Kong Ltd.), Glial fibrillary acidic protein (GFAP) (The biomarker of astrocyte) 1:500 (Abcam, Hong Kong Ltd.), RNA binding protein fox-1 homolog 3 (Fox3) (Neuronal nuclear antigen, NeuN, the biomarker of neuron, one of NeuN antibodies) 1:50 (Santa Cruz Biotechnology Inc.), claudin-11 (The biomarker of Oligodendrocyte) 1:50 (Santa Cruz Biotechnology Inc.) and Ionized calcium binding adapter molecule-1 (IBA-1) (The biomarker of microglia) 1:50 (Santa Cruz Biotechnology Inc.), then washed 6 times for each 5 minutes with 0.2% Triton X-100 in 1×PBS, incubated with the secondary antibody of polyclonal donkey anti goat (1:400) and polyclonal donkey anti rabbit (1:400) (Santa Cruz Biotechnology Inc.) conjugated to fluorescein isothiocyanate (Green) or/and rhodamine (Red) for 2 hours at room temperature, and stained by 4\',6-diamidino-2- phenylindole (DAPI) (Blue). After being extensively washed 6 times for each 5 minutes, slices were mounted with the antifade medium, they were then examined and taken picture under a Nikon E800 fluorescent microscope with a spot digital camera (Diagnostic Instruments, Sterling Heights, Mich., USA) and a Photoshop software (Adobe Systems, San Jose, Calif., USA).

The multiple labeling histochemical method conjugated to ALDH1A2, Fox3, GFAP, claudin-11, IBA-1 antibodies and DAPI was used to doubly or trebly stain in one same sample using two or three different primary antibodies and secondary antibodies conjugated to the different color fluorescence, detected the overlapped staining of different color fluorescence, aimed to investigate the distribution of ALDH1A2 in the different neural cells. The negative controls of secondary antibody regularly were used for the ALDH1A2 antibody to assess its validity. The quenching agent of autofluorescence (AutoFluo Quencher C1212; Beijing APPLYGEN Technologies Inc., Beijing, China) was used in all samples.

Analysis of immunohistochemical positive cells
----------------------------------------------

The analysis of immunohistochemical positive cells was performed by Image-Pro Plus 6.0 software (Media Cybernetics Co. Ltd., USA), counted the amount of positive cell and total cell amount in the different regions of spinal cord at 200 magnifications of slices, total cell amount each regions derived from the amount of DAPI positive cells. Each group consisted of 10 slices, and calculated the percentage (%) of positive cell of all slices. Three mice were used per group, the average percentages of positive cells were used for quantitatively analyzing.

Analysis of western blot
------------------------

The WT and Tg(SOD1\*G93A)1Gur mice were anesthetized and perfused with 20 ml of 0.9% saline. The spinal cord was excised and homogenized in the ice 1×RIPA lysis buffer (150 mM NaCl/1% Nonidet P-40/12 mM sodium deoxycolate/ 0.1% SDS/50 mM Tris-HCl, pH 7.2) supplemented with the protease inhibitor. The lysate was centrifuged at 12,000×g at 4°C for 10 minutes. The supernatant was used for Western blot analysis of ALDH1A2. The sample used for Western blot was measured the protein concentration using the BioRad protein assay kit (BioRad, Hercules, CA, USA). The solution of equal protein (20 μg protein/well) was loaded into each well of 10% SDS polyacrylamide gel and electrophoresed, then transferred onto the nitrocellulose membrane (Millipore, Bedford, MA, USA). The membrane was blocked with 5% albumin of bovine serum in TBST (10 mM Tris-HCl, pH 7.5/150 mM NaCl/0.1% Tween-20) for 1 hour at the room temperature on shaker, and then incubated with the specific antibodies of 1:2000 ALDH1A2 (Abcam, Hong Kong Ltd.) and 1:5000 beta-actin (Proteintech Group) overnight at 4 °C. Membrane was washed three times for 5 minutes each times with TBST at the room temperature, then incubated with the horseradish peroxidase-conjugated secondary antibody (KPL, Gaithersburg, MD) for 1 hour at the room temperature. The membrane was washed three times for each 5 minutes with TBST and visualized in the ECL reagents (Amersham Bioscience, Piscataway, NJ). The optic density (OD) of Western blot band was measured with Quantity One 1-D Analysis software (Bio-Rad Laboratories, Inc.), 10 samples (10 mice) per group were used, and repeated three times, the average OD of 30 bands each sample was compared and analyzed.

Data and statistical analysis
-----------------------------

All experimental data were expressed using mean ± SEM. Statistical analysis was performed using the SPSS (Version 17.0) statistical software (SPSS, Chicago, IL, USA). Some specific comparisons between the control and experimental groups were analyzed by the analysis of variance (ANOVA) including a multivariate analysis of variance (MANOVA), two-ways ANOVAs as well as the eventual Post Hoc test used for paired comparisons, such as the group of the different anatomic regions and the group of different disease stages. Each data set of our groups passed a test for the Gaussian distribution. The major data were not Gaussian distribution. P\<0.05 was considered as the statistically significant.

Results
=======

Distribution features of ALDH1A2 positive cells in different anatomic regions of different segments in spinal cord at the different stages of wild-type (WT) and Tg(SOD1\*G93A)1Gur mice derived from single labeled analysis of fluorescent immunohistochemical experiments
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In the cervical segment of spinal cord, the ALDH1A2 positive cells in the anterior funiculus of white matter (AFWM), the posterior funiculus of white matter (PFWM) and the lateral funiculus of white matter (LFWM) were significantly more than that in the central canal (CC), the anterior horn of gray matter (AHGM) and the dorsal horn of gray matter (DHGM) at 60-70 days (Pre-onset stage), 90-100 days (Onset stage) and 120-130 days (Progression stage or late stage) of WT mice and Tg(SOD1\*G93A)1Gur mice (Figure [1](#F1){ref-type="fig"}). There weren\'t significant difference between AFWM, PFWM and LFWM regions, and between CC, AHGM and DHGM regions at the pre-onset, onset and late stages of WT and Tg(SOD1\*G93A)1Gur mice (Figure [2](#F2){ref-type="fig"}). Figure [1](#F1){ref-type="fig"} only showed that the distribution features of ALDH1A2 positive cells in the different anatomic regions of cervical segments in spinal cord at the onset stage of WT and Tg(SOD1\*G93A)1Gur mice, because the distribution features at the pre-onset and progression stages were the same with that at the onset stage. Figure [2](#F2){ref-type="fig"} showed the compared details of ALDH1A2 positive cells in the different anatomic regions of cervical segments in spinal cord at the pre-onset, onset and late stages of WT and Tg(SOD1\*G93A)1Gur mice. The results revealed the decrease of ALDH1A2 expression in the different anatomic regions of cervical spinal cord in the Tg(SOD1\*G93A)1Gur mice, and that the significant decrease was detected in the DHGM (F=3.924, degrees of freedom (df)=10) at the pre-onset stage and in the AFWM (F=2.021, df=9) at the late stage (Figure [2](#F2){ref-type="fig"}). No redistribution was found in the cervical spinal cord.

In the thoracic segment of spinal cord, the ALDH1A2 positive cells in AFWM, PFWM and LFWM were significantly more than that in CC, AHGM and DHGM at the pre-onset, onset and progression stages of WT mice and Tg(SOD1\*G93A)1Gur mice (Figure [3](#F3){ref-type="fig"}). There weren\'t significant difference between AFWM, PFWM and LFWM regions, and between CC, AHGM and DHGM regions at the pre-onset, onset and late stages of WT and Tg(SOD1\*G93A)1Gur mice. Figure [3](#F3){ref-type="fig"} only exhibited that the distribution features of ALDH1A2 positive cells in the different anatomic regions of thoracic segments in spinal cord at the onset stage of WT and Tg(SOD1\*G93A)1Gur mice, because the distribution features at the pre-onset and progression stages were consistent with that at the onset stage. Figure [4](#F4){ref-type="fig"} showed the compared details of ALDH1A2 positive cells in the different anatomic regions of thoracic segments in spinal cord at the pre-onset, onset and late stages of WT and Tg(SOD1\*G93A)1Gur mice. The results revealed the decrease of ALDH1A2 expression in the different anatomic regions of thoracic spinal cord in the Tg(SOD1\*G93A)1Gur mice, and that the ALDH1A2 positive cells in the DHGM region at the progression stage of Tg(SOD1\*G93A)1Gur mice were significantly less than that of WT mice (F=6.927, df=10) (Figure [4](#F4){ref-type="fig"}). No redistribution was detected in the cervical spinal cord (Figure [4](#F4){ref-type="fig"}).

In the lumbar segment of spinal cord, the ALDH1A2 positive cells in AFWM, PFWM and LFWM were significantly more than that in CC, AHGM and DHGM at the pre-onset, onset and progression stages of WT mice and Tg(SOD1\*G93A)1Gur mice (Figure [5](#F5){ref-type="fig"}). There weren\'t significant difference between AFWM, PFWM and LFWM regions, and between CC, AHGM and DHGM regions at the pre-onset stage, onset stage and late stages of WT and Tg(SOD1\*G93A)1Gur mice (Figure [5](#F5){ref-type="fig"}). Figure [5](#F5){ref-type="fig"} only presented the distribution features that the ALDH1A2 positive cells in AHGM, DHGM and AFWM regions at the onset stage of Tg(SOD1\*G93A)1Gur mice were significantly less than that of WT mice. Because the images that the ALDH1A2 positive cells in DHGM at the pre-onset stage of TG(SOD1\*G93A)1Gur mice were significantly more than that of WT mice were not special, they were omitted. The results indicated that the ALDH1A2 positive cells in DHGM at the pre-onset stage of TG(SOD1\*G93A)1Gur mice were significantly more than that of WT mice (F=0.145, df=10), that in AHGM (F=0.524, df=10), DHGM (F=1.894, df=10) and AFWM (F=0.494, df=10) regions at the onset stage of TG(SOD1\*G93A)1Gur mice were significantly less than that of WT mice (Figure [6](#F6){ref-type="fig"}). The increased ALDH1A2 in DHGM during the pre-onset stage possibly redistributed to the other anatomic regions besides AHGM, DHGM and AFWM regions during the onset and late stage, based on that, we speculated that it occurred the redistribution among the different anatomic regions in the lumbar segment of TG(SOD1\*G93A)1Gur mice (Figure [6](#F6){ref-type="fig"}).

In the entire spinal cord, the distribution of ALDH1A2 positive cells in the different anatomic regions at the different stages of TG(SOD1\*G93A)1Gur mice were significantly different. Among them, that in the major regions significantly decreased, only observed that that in the DHGM of lumbar spinal cord significantly increased at the pre-onset stage (Figures. 1-6), which implied that the ALDH1A2 redistributed in the some anatomic regions in the lumbar segment at the different stages of TG(SOD1\*G93A)1Gur mice. The ALDH1A2 distribution exhibited a most significant decreased tendency in the multiple anatomic regions of lumbar spinal cord at the onset stages of TG(SOD1\*G93A)1Gur mice. These results were consistent with the majorly damaged lumbar spinal cord in the ALS-like TG(SOD1\*G93A)1Gur mice. The experiment aimed to observe and analyze the alteration features of ALDH1A2 expression and distribution in the different segments and the different anatomic regions of spinal cord at the different stages of WT and TG(SOD1\*G93A)1Gur mice, to compare the difference between the WT and TG(SOD1\*G93A)1Gur mice, to explore whether or not ALDH1A2 is a candidate ALS related protein and its potential mechanism in the pathogenesis of ALS.

Distribution features of ALDH1A2 positive cells in different neural cells of spinal cord in WT and TG(SOD1\*G93A)1Gur mice derived from double or triple labeled analysis of fluorescent immunohistochemical experiments
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

The ALDH1A2 mainly distributed in the GFAP (Astrocyte cell) (Figure [7](#F7){ref-type="fig"}A), IBA-1 (Microglial cell) (Figure [7](#F7){ref-type="fig"}B), Fox3 (NeuN) positive cells (Neuron cell) (Figure [7](#F7){ref-type="fig"}C) and claudin-11positive cells (Oligodendrocyte cell) (Figure [7](#F7){ref-type="fig"}D) in the WT and TG(SOD1\*G93A)1Gur mice. The distribution of ALDH1A2 positive cells in the different neural cells was not significantly different at the different stages of WT and TG(SOD1\*G93A)1Gur mice, which indicated that the ALDH1A2 redistribution in the different neural cells didn\'t occur at the different stages of WT and TG(SOD1\*G93A)1Gur mice. ALDH1A2 mainly expressed and distributed in the astrocyte in the dorsal horn, the microglia in the gray matter, the neuron in the anterior horn, the oligodendrocyte in the posterior horn.

The control experiments to assess the potential autofluorescence and the specificity of primary and secondary antibody did not detected non-specific staining in the fluorescent immunohistochemical experiments (No data shown). The experiment aimed to observe and analyze the alteration features of ALDH1A2 expression and distribution in the different neural cells of spinal cord at the different stages of WT and TG(SOD1\*G93A)1Gur mice, to compare the difference between the WT and TG(SOD1\*G93A)1Gur mice.

Expression and distribution features of ALDH1A2 in entire spinal cord at different stages of WT and Tg(SOD1\*G93A)1Gur mice derived from fluorescent immunohistochemical and west blot experiments
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Total expression and distribution of ALDH1A2 in the entire spinal cord exhibited an increased tendency from 60 to 130 days in the WT and TG(SOD1\*G93A)1Gur mice, especially in the onset stage. Total expression and distribution of ALDH1A2 at the different stages was not significantly different between the Tg(SOD1\*G93A)1Gur mice and the WT mice, but that in the Tg(SOD1\*G93A)1Gur mice were less than that in the WT mice, especially in the pre-onset stages (Figure [8](#F8){ref-type="fig"}A). Total expression of ALDH1A2 in the entire spinal cord at the pre-onset stage of Tg(SOD1\*G93A)1Gur mice significantly decreased compared with the WT mice, that at the onset and progression stages of Tg(SOD1\*G93A)1Gur mice significantly increased compared with that at the pre-onset stage of WT and TG(SOD1\*G93A)1Gur mice (Figures. 8A, C). However, it was noteworthy that total ALDH1A2 positive cells at the pre-onset, onset and progression stages of Tg(SOD1\*G93A)1Gur mice weren\'t significantly different, and exhibited a decreased tendency compared with that of WT mice, especially in the pre-onset stage (Figure [8](#F8){ref-type="fig"}A). The results suggest that the gradual decreased ALDH1A2 expression followed with the neuron damage at the different disease course in the entire spinal cord of ALS, which was a possible protective response. The ALDH1A2 protein was a possible protective factor in the neuron degeneration of ALS, in additional, the significant decrease of ALDH1A2 expression and distribution only occurred in the local damaged regions, total ALDH1A2 expression and distribution showed an increased tendency, and further confirmed that the local decrease of ALDH1A2 expression and distribution contributed to the damage of spinal cord. The experiment aimed to analyze the alteration features of ALDH1A2 expression and distribution in the entire spinal cord at the different stages of WT and Tg(SOD1\*G93A)1Gur mice, to compare its difference in the entire spinal cord between the WT and Tg(SOD1\*G93A)1Gur mice.

Relationship between expression and distribution of ALDH1A2 and neuron cell death in spinal cord compared adult WT with Tg(SOD1\*G93A)1Gur mice
-----------------------------------------------------------------------------------------------------------------------------------------------

The systematic analysis about the relationship between the alteration of ALDH1A2 protein expression and distribution and the neuron cell death in the different segments of spinal cord during the different stages in the WT and Tg(SOD1\*G93A)1Gur mice was conducted. The results demonstrated that the decrease of ALDH1A2 protein expression and distribution followed with the decrease of neuron cell amount in the cervical, thoracic and lumbar segments of adult spinal cord at the pre-onset, onset and progression stages. It suggested that the neuron cell death was potentially related to the decreased expression and distribution of ALDH1A2 protein, which implied that the more ALDH1A2 protein decrease followed with the more neuron cell death increase (Figure. 9). The results indicated that the decreased expression and distribution of ALDH1A2 protein possibly contributed to the death of neuron cell in the adult spinal cord of ALS-like mice. The experiment aimed to analyze the relationship between the expression and distribution of ALDH1A2 and the neuron death of both WT and Tg(SOD1\*G93A)1Gur mice.

Discussion
==========

In this study, we demonstrated the following four findings: 1). ALDH1A2 extensively expressed and distributed in the entire spinal cord of normal adult mice. Among them, the ALDH1A2 expression and distribution in the white matter was more than that in the gray matter, and were significantly different in the different anatomic regions of white and gray matter and the different segments. ALDH1A2 majorly expressed and distributed in the astrocyte, microglial, oligodendrocyte and neuron cells (Figure [10](#F10){ref-type="fig"}A). 2). The expression and distribution of ALDH1A2 generally decreased, the partial anatomic regions significantly decreased and occurred the redistribution at the onset and late stages of Tg(SOD1\*G93A)1Gur mice. The redistribution in the different neural cells wasn\'t detected (Figure [10](#F10){ref-type="fig"}B). 3). The decrease of ALDH1A2 expression was potentially associated with the neuron death in ALS (Figure [9](#F9){ref-type="fig"}). 4). The ALDH1A2 might be a candidate disease-related protein, a protective factor of neurons, and modulate the neuron death in the pathogenesis of ALS.

ALDHs are a group of polymorphic enzymes that are responsible for the oxidation of aldehydes to carboxylic acids \[30). There are three different types of ALDHs in mammals: type 1 (ALDH1) in cytosol, type 2 (ALDH1) in mitochondria and type 3 (ALDH1) in tumors, stomach and cornea. In all three types, ALDH1 and ALDH2 are two most important enzymes for the aldehyde oxidation, the two enzymes are the 54kDA tetrameric subunits. ALDH1 and ALDH2 exist in many tissues and organs, the most is in liver [@B35]. When ALDHs are transferred from liver to muscle and heart, they are dissolved. ALDH1 consists of ALDH1A1 and ALDH1A2. ALDH1A2 also is known as aldehyde dehydrogenase 1 family member A2, or retinaldehyde dehydrogenase 2 (RALDH2), is an enzyme encoded by the ALDH1A2 gene in the human beings [@B36]. ALDH1A2 is a cytosolic homotetramer expressed in a wide scale of embryonic and adult tissues like intestine, testis, lung, kidney, liver, brain, spinal cord and retina [@B37]-[@B39]. In our study, we found that ALDH1A2 extensively expressed and distributed in the entire spinal cord, and its expression and distribution showed the significant difference in the different anatomic regions and the different segments of adult normal spinal cord. It indicated that ALDH1A2 was an important protein (Enzyme) in the normal physiologic condition, and played some important physiologic functions in the different part of spinal cord. If the abnormality of ALDH1A2 expression and distribution occurs, would result in the spinal cord dysfunction related disease. In additional, we found that the decrease and redistribution of ALDH1A2 expression in the partial regions of spinal cord, which were potentially associated with the neuron death in the disease course of Tg(SOD1\*G93A)1Gur mice. Our data suggested that the alteration of ALDH1A2 expression and distribution might be one of pathogenesis of ALS, the potential mechanisms might be related to the following literature reported information.

At present, ALDHs have been detected to involve in a lot of biological processes, including the detoxification of exogenously and endogenously produced aldehydes. The previous study suggested that ALDHs might modulate the proliferation and differentiation of stem cells [@B31]. ALDH2 might affect the regeneration of neural cells through modulating the proliferation and differentiation of endogenous neural stem cells, be an important regulator of neural repairing in the adult spinal cord [@B31]. The abnormal expression and distribution of ALDH1A2 in our study might be lead to the lesion and/or the recovering obstacle of neural cells in spinal cord, because of damaging the proliferation and differentiation of endogenous neural stem cells, subsequently develop ALS due to the excessive neuron loss of spinal cord.

ALDH1A2 are responsible for catalyzing the oxidation of both all-trans-retinal and 9-cis-retinal into RA [@B37]. It shows the highest specificity to all-trans-retinal compared with the other isozymes of ALDHs [@B40]-[@B42], participates in many developmental courses and is a crucial regulator of RA synthesis in the developing tissues [@B43]. The ALDH1A2-/- mouse reveals the defects of axial rotation, the incomplete neural tube closure and the reduction of trunk region in the development of spinal cord [@B37]. Several animal models have found that ALDH1A2 is a vital regulator during the development of many tissues like kidney, retina, lung, forebrain, pancreas and spinal cord [@B37], [@B44]-[@B48]. The recent studied data appeared that the spinal bifida in humans was associated with three distinct single nucleotide polymorphisms (SNPs) of ALDH1A2, one silent SNPs is A151A (c.453A\>G), the SNPs of two introns are rs3784259 and rs3784260. ALDH1A2 might exert some important roles in the development of spinal cord [@B49]. It implies that ALDH1A2 might also participate in the development of neural cells in the adult spinal cord, its expression and distribution might be associated with the physiological development of adult spinal neural cells. The abnormal expression and distribution of ALDH1A2 in our study might interfere the development of normal renewed neural cells due to its function alteration catalyzing the oxidation of both all-trans-retinal and 9-cis-retinal into RA, lead to the imbalance of physiological shift of new and old neural cells, and the physiologic death of neural cells could not be replaced by the renewed neural cells in the adult spinal cord, produce the reduce of neural cells, lead to the loss of some spinal developmental functions, develop into the spinal cord diseases such as ALS.

ALDH1A2 catalyzes the lipid peroxidation (LPO)-derived aldehydes and may eliminate the damage of oxidative stress. The ALDH1A2 of rat oxidizes the medium-chain saturated LPO-derived aliphatic aldehydes with the high affinity of hexanal, octanal and decanal [@B40]. The three isozymes of ALDHs that are responsible for synthesizing RA are ALDH1A1, ALDH1A2 and ALDH1A3 [@B50], [@B51]. These enzymes of ALDHs catalyze the final step of RA biosynthesis from retinaldehyde to RA. The RA synthesized by ALDH1A2 controls the differentiation, the growth arrest and the apoptosis of cell [@B30], [@B52], [@B53]. The ALDH1A2 protein is an enzyme that is responsible for synthesizing RA by the substrate of retinaldehyde. RA is the active derivative of vitamin A in retinol, is a paracrine hormone signaling molecule in the developing and adult tissues [@B54]. It suggests that RA might also be an important biological molecule in the development of adult spinal cord, the abnormal expression and distribution of its synthesized enzymes including ALDH1A1, ALDH1A2 and ALDH1A3 might affect the development of adult spinal cord, is the pathophysiological base of some spinal cord diseases like ALS.

In the spinal cord, the sonic hedgehog (SHH) and RA are necessary to form the ventral motor neurons [@B55]-[@B58]. The dorsally expressed Pax6, the ventrally expressed Nkx6.1 and the Olig2 expressed in the region of Pax6 and Nkx6.1 overlapped expression are required for the differentiation and development of motor neurons [@B59]. RA is synthesized by ALDH1A2 from the adjacent somitic mesoderm to the neuroectoderm of spinal cord. Mouse embryos lacking this source of RA can\'t express Pax6 and Olig2 in the spinal cord, whereas the expression of Nkx6.1 is unaffected [@B58]. In the defection of RA signaling, the undifferentiated neuroectoderm of spinal cord can\'t generate a ventral motor neuron cell [@B57], [@B58]. RA has been used as a differentiated agent along with SHH to generate motor neurons in the spinal cord of mice [@B60] and humans [@B61] embryonic stem cells, providing a potential source of replaced cells for the motor neuron diseases or the spinal cord injury [@B54]. According to the current studied information, we hypothesized that RA also might be a necessary biological molecule in the formation, differentiation and development of motor neurons in the adult spinal cord. The ALDH1A2 is the RA necessary synthesized enzyme, its expression and distribution might be potentially associated with the formation, differentiation and development of renewed motor neurons in adult spinal cord. The abnormal expression and distribution of ALDH1A2 in our study might interfere the potential source of replaced motor neurons, develop into ALS because of the RA synthesized deficiency. In those biological processes, might involve in the decrease of Pax6 and Olig2 expression due to the insufficiency of RA.

To the best of my knowledge, our study firstly explored the association between ALDH1A2 and the pathogenesis of ALS through observing and analyzing the alterations of ALDH1A2 expression and distribution in the different segments, the different anatomic regions and the different neural cells at the different stages of the WT mice and the Tg(SOD1\*G93A)1Gur mice, and compared the alteration of ALDH1A2 expression and distribution between the WT and Tg(SOD1\*G93A)1Gur mice. Our results revealed that ALDH1A2 was potentially associated with the neuron cell death in the Tg(SOD1\*G93A)1Gur mice. The significant decrease and the redistribution of ALDH1A2 expression in some anatomic regions during the disease course of ALS-like Tg(SOD1\*G93A)1Gur mice indicated that ALDH1A2 was a candidate ALS-related protein, participated in the pathogenesis of ALS and might be a protective factor of neurons, because the decrease of ALDH1A2 expression followed with the increase of neuron death in the spinal cord of ALS-like transgenic mice. The exact mechanisms in the pathogenesis of ALS are waiting for further studying. Up to now, we have not found the report about the relationship that ALDH1A2 is associated with ALS. According to the above cited previous reported literatures about the roles of ALDH1A2, we hypothesized that the ALDH1A2 might play some roles in the pathogenesis of ALS through the following biological processes. 1) Detoxify the exogenously and endogenously produced aldehydes through oxidizing aldehydes to carboxylic acids [@B30], [@B35], catalyze the oxidation of both all-trans-retinal and 9-cis-retinal into RA [@B37], eliminate the LPO-derived aldehydes damage of oxidative stress [@B40], prevent neuron cells from the aldehydes toxicity. 2) Modulate the formation, proliferation and differentiation of neural stem cells, promote the neuron regeneration from neural stem cells [@B31]. 3). Synthesize RA, modulate the level of RA, control the differentiation, the growth arrest and the apoptosis of neuron cells [@B30], [@B52], [@B53], develop the ventral motor neurons by the transcribed regulation of Pax6 and Olig2, modulate the regeneration of ventral motor neurons [@B58], [@B59].

In this study, we found that the significant expression decrease and redistribution of ALDH1A2 in some anatomic regions of adult spinal cord were potentially associated with the neuron death in the ALS-like disease (Figures [9](#F9){ref-type="fig"}, 10). The possible mechanisms that ALDH1A2 participated in the pathogenesis of ALS exerted through modulating and controlling the elimination of aldehydes toxicity, the formation, proliferation and differentiation of neural stem cells, the differentiation, the growth arrest and the apoptosis of neuron cells as well as the regeneration of ventral motor neurons of spinal cord.
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![The representative images of the expression and distribution of ALDH1A2 positive cells in the different anatomic regions of spinal cervical segment at the onset stage of the WT mice and the Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 generally exhibited a decreased tendency in the different anatomic regions of entire spinal cervical segment in the Tg(SOD1\*G93A)1Gur mice. Among them, that in the DHGM at the pre-onset stage and the AFWM at the late stage significantly decreased. Abbreviation: WT, wild-type mice; TG, transgenic mice; PFWM, posterior funiculus of white matter; AFWM, anterior funiculus of white matter; LFWM, lateral funiculus of white matter; CC, central canal; AHGM, anterior horn of gray matter; DHGM, dorsal horn of gray matter.](ijbsv13p0574g001){#F1}

![The comparison of the percent of ALDH1A2 positive cells in the different anatomic regions of spinal cervical segment at the different stages between the WT mice and the Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 in the white matter including the anterior, posterior and lateral funiculus were significantly more than in the gray matter including the central canal, the anterior and dorsal horn at the pre-onset (60-70 days), onset (90-100 days) and progression stages (late-stage) (120-130 days) of the WT and Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 in DHGM and AFWM significantly decreased at the pre-onset and progression stages of the Tg(SOD1\*G93A)1Gur mice respectively compared with the WT mice.](ijbsv13p0574g002){#F2}

![The representative images of the expression and distribution of ALDH1A2 positive cells in the different anatomic regions of spinal thoracic segment at the onset stage of the WT mice and the Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 generally exhibited a decreased tendency in the different anatomic regions of entire spinal thoracic segment in the Tg(SOD1\*G93A)1Gur mice. Among them, that in the DHGM at the late stage significantly decreased.](ijbsv13p0574g003){#F3}

![The comparison of the percent of ALDH1A2 positive cells in the different anatomic regions of spinal thoracic segment between the WT mice and the Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 in the white matter including the anterior, posterior and lateral funiculus were significantly more than in the gray matter including CC, the anterior and dorsal horn at the pre-onset, onset and progression stages of the WT and Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 in DHGM significantly decreased at the progression stages of the Tg(SOD1\*G93A)1Gur mice compared with the WT mice.](ijbsv13p0574g004){#F4}

![The representative images of the expression and distribution of ALDH1A2 positive cells in the different anatomic regions of spinal lumbar segment at the onset stage of the WT mice and the Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 generally exhibited a decreased tendency in the different anatomic regions of entire spinal lumbar segment in the Tg(SOD1\*G93A)1Gur mice, Among them, that in DHGM significantly increased at the pre-onset stage, that in AHGM, DHGM and AFWM significantly decreased at the onset stage.](ijbsv13p0574g005){#F5}

![The comparison of the percent of ALDH1A2 positive cells in the different anatomic regions of spinal lumbar segment between the WT mice and the Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 in the white matter including the anterior, posterior and lateral funiculus were significantly more than in the gray matter including CC, the anterior and dorsal horn at the pre-onset, onset and progression stages of the WT and Tg(SOD1\*G93A)1Gur mice. The expression and distribution of ALDH1A2 in DHGM significantly increased at the pre-onset stages, that in AHGM, DHGM and AFWM significantly decreased at the onset stage of the Tg(SOD1\*G93A)1Gur mice compared with the WT mice.](ijbsv13p0574g006){#F6}

![The representative images of ALDH1A2 expression in the different neural cells at the progression stage of the WT and Tg(SOD1\*G93A)1Gur mice. The ALDH1A2 positive cells partially overlapped with the GFAP, IBA-1, NeuN (Fox 3) and Claudin positive cells, which indicated that ALDH1A2 partially expressed in the astrocyte, microglia, neuron and oligodendrocyte cells. ALDH1A2 mainly expressed and distributed in the astrocyte of DH, the microglia of gray matter, the neuron of AH, the oligodendrocyte of PH. Abbreviations: DH, dorsal horn; AH, anterior horn; PF, posterior funiculus.](ijbsv13p0574g007){#F7}

![Total expression and distribution of ALDH1A2 in the entire spinal cord at the different stages of the WT and Tg(SOD1\*G93A)1Gur mice. (A) Total ALDH1A2 positive cells significantly increased from the pre-onset, onset to progression stages of Tg(SOD1\*G93A)1Gur mice, but there was not significantly difference between the WT and Tg(SOD1\*G93A)1Gur mice, and followed with the increase of total ALDH1A2 positive cells of WT mice. (B, C) Total ALDH1A2 expression at the pre-onset stage of Tg(SOD1\*G93A)1Gur mice significantly decreased compared with that of the WT mice, and significantly increased at the onset and progression stages of the Tg(SOD1\*G93A)1Gur mice compared with the pre-onset of the WT and Tg(SOD1\*G93A)1Gur mice.](ijbsv13p0574g008){#F8}

![The relationship between the decrease of ALDH1A2 expression and distribution and the death of neuron cells in the cervical, thoracic and lumbar segments of spinal cord at the different stages of the WT and Tg(SOD1\*G93A)1Gur mice. The decrease of ALDH1A2 expression and distribution followed with the decrease of neuron cell amount in the cervical, thoracic and lumbar segments of spinal cord at the pre-onset, onset and progression stages of the Tg(SOD1\*G93A)1Gur mice compared with the WT mice, which implied the more decrease of ALDH1A2 protein followed with the more increase of neuron cell death.](ijbsv13p0574g009){#F9}

![The schematized representation of ALDH1A2 expression and distribution in spinal cord in the physiological and pathological condition. The diagram described that the alteration features of ALDH1A2 expression and distribution in the different anatomic regions including PFWM, AFWM, LFWM, CC, AHGM and DHGM, the different neural cells in the spinal cord of WT and Tg(SOD1\*G93A)1Gur mice. Abbreviation: LC, lateral horn.](ijbsv13p0574g010){#F10}
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